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Abstract 
Early detection aquatic invasive species (AIS) surveys were conducted at 33 Eastern 
Oregon waterbodies during the summers of 2013 and 2014.  Submerged aquatic plants, 
gastropods, bivalves, and crayfish were collected using a thatch rake, benthic dredge, 
plankton net, and modified minnow traps.  Shoreline aquatic noxious weeds were noted 
when present and water quality characteristics were measured.  Two AIS snail species, 
one AIS crayfish species, and five AIS plant species were detected during the surveys.  
Big-ear radix snails (Radix auricularia) were newly detected at 14 waterbodies 
distributed across the survey area.  Chinese mystery snails (Cipangopaludina chinensis) 
were detected in one waterbody.  Rusty crayfish (Orconectes rusticus) were newly found 
at high densities at one lake.  AIS plant species included Eurasian watermilfoil 
(Myriophyllum spicatum), a hybrid of Eurasian with the native northern watermilfoil (M. 
spicatum x sibiricum), curlyleaf pondweed (Potamogeton crispus), fragrant waterlily 
(Nymphaea odorata) and reed canarygrass (Phalaris arundinacea).  Fifty-six native 
aquatic plant species were identified in the waterbodies.  Water quality conditions ranged 
from clear, low ionic strength water to highly turbid, productive, high ionic strength 
water. 
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Introduction 
Aquatic invasive species (AIS), such as zebra mussels (Dreissena polymorpha) and the 
noxious weed hydrilla (Hydrilla verticillata), pose a serious threat to the ecological and 
economic health of our region.  Infestations of AIS can harm native species, interfere 
with recreation, degrade water quality, and require significant costs for control.  While 
prevention of introductions is the only way to eliminate the impacts of AIS, early 
detection and rapid response actions increase the likelihood of more successful and less 
costly management actions.  Early detection can also reduce the risk of spread to other 
waterbodies in the region. 
The Center for Lakes and Reservoirs at Portland State University (CLR) conducted early 
detection AIS surveys at 18 waterbodies located in Eastern Oregon under Agreement 
Number ODA-3364-IG during the summer of 2013 and 2014, and 15 waterbodies in the 
Lakeview BLM district under Agreement Number ODA-3485-IG during the summer of 
2014.  This report summarizes results of surveys conducted during both years. Sampling 
was targeted to detect AIS submerged aquatic vegetation (SAV), noxious shoreline 
plants, adult snails and mussels, planktonic mussel veligers, and crayfish.  AIS of 
particular interest include species that have not been detected in Oregon but would have 
severe negative impacts such as zebra and quagga mussels (D. polymorpha; D. 
rostriformis bugensis) and hydrilla; as well as AIS that are present in Oregon but have a 
limited distributions such as New Zealand mudsnails (Potamopyrgus antipodarum), 
Eurasian watermilfoil (Myriophyllum spicatum), yellow floating heart (Nymphoides 
peltata), and rusty crayfish (Orconectes rusticus).  Sampling techniques included the 
collection of rake samples, benthic grab samples, plankton net samples, modified minnow 
trap samples, and inspection of rocks and other hard substrates in shallow water.  Water 
quality characteristics including water transparency and dissolved oxygen concentration 
were measured.   
Methods 
Waterbody selection.  Waterbodies were targeted for surveys based on several criteria: 
1) they were thought to have limited drawdown during the summer to allow for the 
growth of SAV, 2) are located in or near BLM land, and 3) have relatively easy public 
access.  Thirty-three waterbodies were surveyed ranging in size from 1 to 1793 acres, and 
spanning nine Eastern Oregon counties (Table 1, Figure 1).  Due to the low water levels 
in many reservoirs on BLM land in Eastern Oregon, the sample frame was extended to 
waterbodies on US Forest Service or other public lands.  Sites were selected after 
consultation with BLM and Oregon Department of Fisheries and Wildlife personnel that 
are familiar with local waterbody conditions and public use.  Several waterbodies that 
were intended for sampling, for instance Hart Lake, were dry or nearly dry during the 
survey period. 
Aquatic Invasive Species Surveys of Eastern Oregon Waterbodies in 2013 and 2014. 
 
Page 3 of 26 
 
Table 1.  Characteristics of surveyed waterbodies and types of surveys conducted. 


















































Antelope	  Flats	  Res.	   Crook	   8/8/13	   44.00570	   -­‐120.38567	   200	   	   	   	   	   	   	  Bull	  Prairie	  Lake	   Grant	   9/3/13	   44.97495	   -­‐119.66302	   28	   	   	   	   	   	   	  Thomas	  Cavender	  Reservoir	   Grant	   9/3/13	   44.82556	   -­‐119.43177	   14	   	   	   	   	   	   	  Chickahominy	  Res.	   Harney	   8/6/13	   43.54858	   -­‐119.61836	   485	   	   	   	   	   	   	  Highway	  203	  Pond	   Baker	   9/4/13	   44.85997	   -­‐117.81387	   12	   	   	   	   	   	   	  Indian	  Lake	   Umatilla	   9/6/13	   45.36825	   -­‐118.55246	   89	   	   	   	   	   	   	  Jubilee	  Lake	   Union	   9/6/13	   45.83067	   -­‐117.96070	   92	   	   	   	   	   	   	  Krumbo	  Reservoir	   Harney	   8/5/13	   42.95424	   -­‐118.80533	   219	   	   	   	   	   	   	  Magone	  Lake	   Grant	   8/7/13	   44.54742	   -­‐118.91229	   41	   	   	   	   	   	   	  Morgan	  Lake	   Union	   9/5/13	   45.30046	   -­‐118.13561	   60	   	   	   	   	   	   	  North	  Powder	  Pond	  Number	  1	   Baker	   9/4/13	   45.01321	   -­‐117.93034	   7	   	   	   	   	   	   	  Hot	  Lake	  East	  Pond	   Union	   9/5/13	   45.24404	   -­‐117.95790	   1	   	   	   	   	   	   	  Hot	  Lake	  West	  Pond	   Union	   9/5/13	   45.24440	   -­‐117.95934	   3	   	   	   	   	   	   	  Allen	  Creek	  Res.	   Crook	   8/8/13	   44.38499	   -­‐120.16488	   76	   	   	   	   	   	   	  Beulah	  Reservoir	   Malheur	   8/6/13	   43.91226	  	   -­‐118.15360	   1793	   	   	   	   	   	   	  Klootchman	  Creek	  Reservoir	  	   Crook	   8/9/13	   43.99325	   -­‐120.46448	   3	   	   	   	   	   	   	  Camp	  Creek	  Reservoir	   Crook	   8/9/13	   43.95013	   -­‐120.38897	   4	   	   	   	   	   	   	  Walton	  Lake	   Crook	   8/8/13	   44.43540	   -­‐120.33577	   19	   	   	   	   	   	   	  Duncan	  Reservoir	   Lake	   7/8/14	   43.06804	   -­‐120.94555	   40	   	   	   	   	   	   	  Ana	  Reservoir	   Lake	   7/9/14	   42.99707	   -­‐120.75565	   61	   	   	   	   	   	   	  Chewaucan	  River	   Lake	   7/9/14	   42.54118	   -­‐120.29774	   na	   	   	   	   	   	   	  Overton	  Reservoir	   Lake	   7/10/14	   42.37587	   -­‐120.23370	   2	   	   	   	   	   	   	  Vee	  Lake	   Lake	   7/10/14	   42.42128	   -­‐120.16040	   9	   	   	   	   	   	   	  Sid	  Luce	  	  Reservoir	   Lake	   7/10/14	   42.44938	   -­‐120.08564	   50	   	   	   	   	   	   	  Warner	  Pond	   Lake	   7/11/14	   42.55191	   -­‐119.74268	   2	   	   	   	   	   	   	  Cottonwood	  Reservoir	   Lake	   7/12/14	   42.25594	   -­‐120.51305	   460	   	   	   	   	   	   	  Cottonwood	  Meadow	  Lake	   Lake	   7/12/14	   42.28198	   -­‐120.64066	   39	   	   	   	   	   	   	  Dog	  Lake	   Lake	   7/11-­‐12-­‐14	   42.07613	   -­‐120.70374	   208	   	   	   	   	   	   	  Holbrook	  Reservoir	   Lake	   7/12/14	   42.26915	   -­‐120.85028	   62	   	   	   	   	   	   	  Heart	  Lake	   Lake	   7/12/14	   42.25556	   -­‐120.84012	   19	   	   	   	   	   	   	  Lofton	  Reservoir	   Lake	   7/12/14	   42.26506	   -­‐120.81612	   42	   	   	   	   	   	   	  Campbell	  Reservoir	   Klamath	   7/13/14	   42.41819	   -­‐120.96104	   207	   	   	   	   	   	   	  Lost	  River	  Reservoir	   Klamath	   7/13/14	   42.15842	   -­‐121.66009	   204	   	   	   	   	   	   	  1Surface	  area	  values	  are	  from	  the	  National	  Hydrography	  Dataset	  <datagateway.nrcs.usda.gov>,	  accessed	  2/2/2015	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Figure 1.  Waterbodies sampled during 2013 (blue dots) and 2014 (red squares) within four BLM districts (inset map).      
BLM lands are represented in beige, USFS lands are represented in green.
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Limited surveys were conducted at 7 of the 18 waterbodies sampled during 2013 for 
several reasons: significant water level drawdown and limited public land around Allen 
Creek Reservoir precluded boat access and restricted shoreline surveys; severe water 
level drawdown and slick muddy conditions at Beulah Reservoir limited survey efforts to 
observation of plant fragments, mussel shells, snail shells, and crayfish in the vicinity of 
the boat launch; and crayfish trapping and veliger plankton tows were not conducted at 
Hot Lake ponds because the ponds were extremely shallow and covered with aquatic 
vegetation.  Sampling of Klootchman Creek Reservoir, Camp Creek Reservoir, and 
Walton Lake was limited to shoreline surveys because the waterbodies were merely quick 
stops (less than one hour per waterbody) between waterbodies targeted for 
comprehensive sampling.  Limited surveys were conducted during 2014 at Warner Pond 
due to its small size and Sid Luce Reservoir due to the absence of plants and benthic 
invertebrates.  Holbrook Reservoir and Overton Lake were quick stops between targeted 
waterbodies. 
Aquatic plants.  Submerged and floating leaved aquatic plants were collected at 50 sites 
in 21 waterbodies and 25 sites in 4 waterbodies (East and West Hot Lake ponds, Warner 
Pond, and Sid Luce Reservoir) using a double-sided thatch rake attached to a graduated 
pole in deeper water areas, or visually and by hand in shallower water.  Sites were 
targeted to cover a range of habitat types (e.g. shallow water, emergent vegetation, 
floating vegetation beds, submerged vegetation beds, and deep water), as well as the 
spatial range of each waterbody with the intent of detecting as many species present as 
possible (Croft and Chow-Fraser 2009).  Submerged and floating leaved plants were 
collected from six additional lakes from shore near access points with a rake or by hand.  
Shoreline plants that are listed on the Oregon Department of Agriculture and Federal 
noxious weed lists (ODA 2012; USDA APHIS 2012) were noted when present.  Plants 
were identified to species or the lowest taxonomic level possible based on available 
morphological characteristics (e.g. flowers or seeds) at the time of collection using Crow 
and Hellquist (2000; 2006), Hamel and Parsons (2001), Brayshaw (2001), Flora of North 
America (1993), and Jepson Flora Project (2014).  Selected specimens were pressed for 
archive at the Portland State University herbarium.  All field data including water depth 
at collection sites were recorded on waterproof data sheets and data are stored in a 
Microsoft Access database.  
Gastropods and bivalves.  Snails and adult mussels were surveyed by sieving ten 
aquatic plant or benthic grab samples at each waterbody.  Rocks and other substrate near 
boat launches and access points were also inspected.  Identifications were made to the 
lowest taxonomic level possible according to Nedeau et al. (2005) and Thorp and Covich 
(1991).  Species that require dissection for identification, or have few if any known non-
native members in their family (e.g. Physa sp.), were identified to family.   
Bivalve veligers.  Dreissinid mussel veliger samples were collected from 21 of the 
waterbodies using a 20-cm diameter, 64-µm mesh zooplankton net towed vertically in 
deeper waterbodies, and horizontally in shallow waterbodies.  Samples were preserved in 
70% ethanol and analyzed for the presence of veligers by the CLR veliger detection lab 
using cross-polarized light microscopy.  To test the lab’s ability to detect Dreissinid 
Aquatic Invasive Species Surveys of Eastern Oregon Waterbodies in 2013 and 2014. 
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mussels, five samples were split and one of the each of the split samples was spiked with 
between 29 and 66 dead zebra mussel veligers.  Split samples were analyzed without the 
knowledge that samples were spiked.  
Crayfish.  Crayfish were collected using Gee minnow traps with openings enlarged to 
approximately 2 in.  Three traps per waterbody were deployed in 23 of the waterbodies 
and one trap was placed in Allen Creek Reservoir.  Traps were baited with wet cat food, 
placed at 1-2 meters depth on rocky substrate, if available, and retrieved up to 16 hours 
later.  Specimens were identified to species according to Larson and Tait (2011). Trap 
results were recorded as numbers of crayfish per trap per hour.  Sampling in Klootchman 
Creek Reservoir, Walton Lake, the Hot Lake ponds, Overton Pond, Holbrook Reservoir, 
and Cottonwood Reservoir was limited to turning over rocks and capture by hand. 
Water quality.  Vertical profiles of temperature, conductivity, pH and dissolved oxygen 
were measured in 26 of the waterbodies using a Eureka Manta water quality sonde.  
Conductivity and pH were calibrated at each waterbody using NIST certified standard 
solutions.  Dissolved oxygen was calibrated at each waterbody using water saturated air 
and barometric pressure measurements.   
For 12 of the waterbodies surveyed during 2013 for Agreement Number ODA-3364-IG, 
water samples were collected for the analysis of acid neutralizing capacity (ANC) and 
chlorophyll-a concentration.   Samples were collected from just below the water surface 
and placed on ice until analysis.  ANC was determined by Gran titration (Wetzel and 
Likens 1991) and pheophytin-corrected chlorophyll-a was determined by fluorometry 
(Arar and Collins 1997) at the Center for Lakes and Reservoirs water quality lab.   
Results 
Aquatic plants.  Five AIS plant species were detected during the surveys including 
Myriophyllum spicatum (Eurasian watermilfoil) and a hybrid of M. spicatum and native 
M. sibiricum (northern watermilfoil) in the Chewaucan River near the Highway 31 bridge 
(Table 2, Figure 2).  Watermilfoil identifications were confirmed by Grand Valley State 
University’s Annis Water Resources Institute using genetic techniques since the 
morphological characteristics of the species can overlap when immature, especially if 
hybrids are present.  Two of the three Chewaucan River samples submitted were 
identified as the hybrid, and one was identified as M. spicatum.  Hybrid watermilfoil was 
also genetically identified in Lost River Pool.  M. spicatum is a Class B noxious weed in 
Oregon which is defined as a weed of economic importance which is regionally 
abundant, but may have limited distribution in some counties.  The detection of M. 
spicatum in the Chewaucan River is the first known detection in Lake County.  
Watermilfoil samples collected from Ana Reservoir, Vee Lake, Cottonwood Meadow 
Lake, and Lofton Reservoir and submitted for genetic testing were identified as the native 
M. sibiricum.  The other non-native species detected were curlyleaf pondweed 
(Potamogeton crispus) in Lost River Pool, fragrant waterlily (Nymphaea odorata) in Hot 
Lake, and reed canarygrass (Phalaris arundinaceae) around Krumbo and Thomas 
Cavender Reservoirs.  Although these plants are non-native, none are classified as 
noxious since they are widespread throughout Oregon.
Aquatic Invasive Species Surveys of Eastern Oregon Waterbodies in 2013 and 2014. 
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Table 2.  Aquatic plant species detections by waterbody. 





































































































Nymphaea	  odorata	   fragrant	  waterlily	   AIS	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   1	  Phalaris	  arundinacea	   reed	  canarygrass	   AIS	   	   	   X	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   2	  Myriophyllum	  spicatum	   Eurasian	  watermilfoil	   AIS	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X2	   	   	   	   	   	   	   	   	   	   	   	   	   1	  
Myriophyllum	  spicatum	  x	  
sibiricum	  
hyrbid	  watermilfoil	  (Eurasian	  x	  northern)	   AIS	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X2	   	   	   	   	   	   	   	   	   	   	   	   X2	   2	  
Potamogeton	  crispus	   curly	  leaf	  pondweed	   AIS	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   2	  
Alisma	  gramineum	   grass	  leaf	  water	  plantain	   native	   X	   	   	   	   	   	   	   	   	   X	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   3	  Alisma	  triviale	   northern	  water	  plantain	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   1	  Alismataceae	   water-­‐plantain,	  immature	  Sagittaria	  sp.	  	  or	  Alisma	  sp.	   ukn1	   	   	   	   	   	   	   	   	   	   	   X	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   1	  Brasenia	  schreberi	   watershield	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   1	  Bryophyta	   moss	   ukn1	   	   	   	   	   	   	   	   	   X	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   2	  
Callitriche	  sp.	   water-­‐starwort,	  immature	  C.	  hermaphoroditica,	  C.	  heterphylla,	  or	  C.	  fassetii	   native	   	   	   	   	   	   	   	   	   X	   	   X	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   X	   	   	   	   	   4	  Callitriche	  hermaphroditica	   	   native	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   X	   	   3	  
Ceratophyllum	  demersum	   coontail	   native	   	   X	   X	   	   X	   X	   	   X	   	   	   X	   	   	   X	   	   	   	   	   	   X	   	   	   X	   	   X	   X	   X	   X	   	   	   	   X	   14	  
Chara	  sp.	   muskgrass,	  stonewort.	  No	  AIS	  Chara	  known	  in	  OR	   ukn1	   	   	   X	   	   X	   X	   	   	   	   	   X	   	   X	   X	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   7	  Damasonium	  californicum	   fringed	  waterplantain	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   1	  
Eleocharis	  acicularis	   needle	  spikerush	   native	   X	   X	   	   	   	   	   	   	   X	   	   X	   	   	   	   	   	   	   	   X	   	   	   	   	   X	   	   X	   X	   X	   	   	   X	   	   10	  Eleocharis	  sp.	   immature	  spikerush	   ukn1	   	   	   X	   	   X	   	   	   X	   X	   X	   	   	   	   	   X	   	   	   	   	   X	   X	   	   	   X	   X	   	   	   	   X	   	   	   	   11	  Elodea	  canadensis	   Canadian	  waterweed	   native	   	   X	   X	   	   	   	   	   X	   X	   	   	   X	   X	   	   	   X	   	   	   	   X	   X	   	   	   	   	   X	   X	   X	   X	   	   X	   X	   15	  Elodea	  bifoliata	   twoleaf	  waterweed	   native	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   2	  Elodea	  nuttallii	   western	  waterweed	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   X	   	   	   	   	   	   	   	   2	  
Equisetum	  fluviatile	   swamp	  horsetail	   native	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   1	  Equisetum	  palustre	   marsh	  horsetail	   native	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   1	  Lemna	  sp.	   duckweed	   native	   	   X	   	   	   	   X	   X	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   X	   	   	   	   X	   	   X	   	   	   X	   8	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Table 2 (continued).  Aquatic plant species detections by waterbody. 





































































































Lemna	  trisulca	   star	  duckweed	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   X	   	   	   	   	   	   	   2	  
Limosella	  aquatica	   water	  mudwort	  	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   1	  Limosella	  sp.	   immature	  mudwort	   native	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   1	  
Ludwigia	  palustris	   water	  purslane	   native	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   1	  Marselia	  oligospora	   Pacific	  waterclover	   native	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   1	  Myriophyllum	  sibiricum	   northern	  watermilfoil	   native	   X	   	   	   X	   X	   	   	   	   	   	   X	   	   X	   X	   X	   	   	   X2	   	   	   	   	   	   X2	   	   X2	   X2	   	   X2	   	   	   	   12	  
Myriophyllum	  sp.	   watermilfoil.	  Likely	  M.	  sibiricum,	  <	  9	  leaflet	  pairs	   ukn1	   	   	   X	   	   	   	   	   X	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   3	  Najas	  flexilis	   nodding	  waternymph	   native	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   X	   	   	   	   	   	   X	   4	  Nitella	  sp.	   brittlewort	   native	   X	   X	   	   X	   	   	   	   X	   X	   	   	   	   	   	   	   	   	   	   X	   X	   	   	   X	   X	   X	   X	   	   	   X	   	   X	   	   13	  Nuphar	  polysepala	   splatterdock	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   1	  
Persicaria	  amphibia	   water	  smartweed	   native	   	   	   	   X	   	   	   	   	   	   X	   	   	   	   X	   	   	   	   	   	   X	   	   	   	   X	   	   X	   	   	   	   	   	   	   6	  
Persicaria	  lapathifolia	   pale	  smartweed	   native	   	   	   X	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   2	  
Potamogeton	  amplifolius	   big-­‐leaf	  pondweed	   native	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   1	  
Potamogeton	  diversifolius	   waterthread	  pondweed	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   X	   	   2	  
Potamogeton	  foliosus	   leafy	  pondweed	   native	   	   X	   	   	   X	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   X	   5	  
Potamogeton	  gramineus	   grass-­‐leaved	  pondweed	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   1	  
Potamogeton	  natans	   floating	  leaf	  pondweed	   native	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   X	   	   	   	   	   	   	   3	  
Potamogeton	  nodosus	   longleaf	  pondweed	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   1	  
Potamogeton	  pusillus	   small	  pondweed	   native	   X	   	   X	   	   	   	   	   X	   	   X	   	   	   	   X	   	   	   	   	   	   X	   	   	   	   	   	   X	   X	   	   X	   	   	   	   9	  
Potamogeton	  sp.	  
Immature	  pondweed	  (P.	  
pusillus	  or	  foliosus)	   native	   	   	   	   X	   	   X	   	   	   X	   	   	   	   X	   	   	   	   	   X	   	   	   X	   	   	   	   X	   	   	   	   	   	   	   	   7	  
Potamogeton	  praelongus	   white-­‐stemmed	  pondweed	   native	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   3	  
Potamogeton	  richardsonii	   Richardson’s	  pondweed	   native	   X	   	   	   X	   	   	   	   X	   	   X	   	   	   	   X	   	   	   	   X	   X	   X	   	   	   	   X	   X	   X	   X	   	   X	   	   X	   X	   15	  
Potamogeton	  zosteriformis	   flat	  stem	  pondweed	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   1	  
Potentilla	  palustris	   marsh	  cinquefoil	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   1	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Table 2 (continued).  Aquatic plant species detections by waterbody. 





































































































Ranunculus	  aquatilis	   white	  water-­‐buttercup	   native	   X	   X	   X	   X	   	   	   	   X	   X	   	   X	   	   X	   X	   X	   X	   	   X	   	   X	   	   	   X	   X	   	   	   	   	   X	   	   X	   	   16	  
Sagittaria	  cunea	   arumlear	  arrowhead	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   X	   	   	   	   	   	   2	  
Sagittaria	  sp.	  
immature	  arrowhead,	  likely	  
S.	  cuneata	   ukn1	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   X	   X	   X	   	   	   X	   	   X	   	   6	  
Schoenoplectus	  
tabernaemontani	   softstem	  bulrush	   native	   	   X	   X	   	   X	   X	   	   	   X	   X	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   X	   	   	   	   	   	   	   	   8	  
Schoenoplectus	  acutus	   common	  bulrush	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   2	  
Schoenoplectus	  sp.	   bulrush	   ukn1	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   2	  
Sparganium	  angustifolium	   narrow	  leaf	  bur-­‐reed	   native	   	   	   	   	   	   	   	   X	   X	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   3	  
Sparganium	  emersum	   simple	  stem	  bur-­‐reed	   native	  	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   1	  
Sparganium	  eurycarpum	   broadleaf	  bur-­‐reed	   native	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   1	  
Sparganium	  sp.	   bur-­‐reed.	  	  S.	  eurycarpum,	  emersum,	  or	  angustifolium	   native	   	   X	   X	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   5	  
Spirodela	  polyrrhiza	   giant	  duckweed	   native	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   X	   3	  
Stuckenia	  pectinata	   sego	  pondweed	   native	   X	   	   X	   	   X	   X	   	   	   	   	   	   	   X	   X	   X	   	   	   X	   	   X	   	   	   	   	   	   	   	   	   	   	   	   X	   10	  
Typha	  latifolia	   common	  cattail	   native	   	   X	   X	   	   	   X	   	   X	   X	   X	   	   	   	   	   	   	   	   X	   	   X	   	   	   X	   	   X	   	   	   	   	   	   	   X	   6	  
Zannichellia	  palustris	   horned	  pondweed	   native	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   X	   	   X	   	   	   	   	   	   	   	   	   	   	   	   X	   3	  
Number	  of	  	  taxa	  detected	  per	  waterbody	   	   10	   12	   14	   7	   8	   7	   2	   11	   11	   11	   10	   1	   8	   8	   4	   3	   0	   13	   6	   21	   5	   0	   7	   9	   14	   14	   9	   4	   12	   0	   9	   13	   61	  *	  Waterbodies	  surveyed	  at	  less	  than	  50	  sites	  (see	  methods).	  1	  Immature	  plants	  that	  could	  not	  be	  identified	  to	  species,	  but	  likely	  a	  native	  or	  cryptogenic	  species.	  	  Identification	  as	  a	  known	  invasive	  species	  in	  Oregon	  was	  eliminated	  for	  each	  specimen.	  	  2	  Identification	  verified	  using	  genetic	  methods.	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Figure 2.  Waterbodies with invasive aquatic plant detections (red circles) and waterbodies with no invasive aquatic plant 
detections (green circles).  
Aquatic Invasive Species Surveys of Eastern Oregon Waterbodies in 2013 and 2014. 
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Figure 3.  Count of aquatic plant species detected in surveyed lakes. 
Aquatic Invasive Species Surveys of Eastern Oregon Waterbodies in 2013 and 2014. 
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An additional 56 plant taxa were detected in the waterbodies, 49 of which were 
confirmed as native species (Table 2).  The remaining seven taxa were immature and 
could not be identified to species.  None of the unknown species, however, belong to 
groups that are known to have non-native species in Oregon, or they have morphological 
characteristics that rule out the possibility that they are non-native species.  For example, 
although the Myriopyllum sp. specimens collected from Walton Lake, Indian Lake, and 
Thomas Cavender Reservoir could not be positively identified, they are likely the native 
M. sibiricum and not the non-native M. spicatum or hybrid based on clear morphological 
characteristics such as very low leaflet counts and rounded leaf shapes (Moody and Les 
2007). 
The most common native species detected included Ranunculus aquatilis in 16 
waterbodies, Potamogeton richardsonii and Elodea canadensis in 15 waterbodies, and 
Ceratophyllum demersum in 14 waterbodies. The highest diversity of 21 aquatic plant 
species was found in the Chewaucan River near the Highway 31 crossing (Figure 3).  
Heart Lake, Dog Lake, and Thomas Cavender Reservoir each had 14 species present.  At 
the other extreme, no submerged, floating leaf, or emergent plant species were found in 
Sid Luce Reservoir due to the low water clarity and substantial summer drawdown.  No 
aquatic plants were detected in Allen Creek Reservoir, Beulah Reservoir or Cottonwood 
reservoir either due to severe drawdown, however, surveys were limited to near the boat 
launch areas in the waterbodies.  Morgan Lake had the lowest diversity with only Elodea 
canadensis present. 
Gastropods and adult bivalves.  Two AIS snail species were detected during the 
surveys.  Big-eared Radix (Radix auricularia) was collected from 14 waterbodies (Table 
3) spanning the most of the range surveyed (Figure 4).  High densities were observed in 
Campbell Reservoir in particular, but the snails were common in nearly all the southwest 
Lake County waterbodies.  The other AIS species detected was the Chinese mystery snail 
(Cipangopaludina chinensis) which was found at high densities in Lost River Pool within 
the Klamath River drainage.  The other gastropods collected were identified to family 
rather than species because they either require dissection for identification or their 
taxonomy is unsettled (e.g. Physa sp.).  None of the unknown species are likely non-
natives since a) they belong to families that are not known to have non-native members in 
Oregon or b) the possibility that they are non-native members of a family could be ruled 
out based on shell morphology (e.g. the unknown Lymnaeidae family members were not 
R. auricularia). 
Native unionid bivalve mussel species (either Anodonta sp. or Gonidea angulata) were 
collected from Chickahominy Reservoir and Ana Reservoir.  Pea or fingernail clams 
(Spheriidae family), a family of bivalves not known to be invasive in Oregon, were 
present in 13 waterbodies.  No adult zebra or quagga mussels were detected.  
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Table 3.  Gastropod and bivalve sampling results. 





































































































big	  -­‐eared	  radix	   Lymnaeidae	   Radix	  auricularia	   AIS	   	   	   X1	   X	   	   	   	   	   X	   	   	   X	   X	   	   X	   	   	   	   X	   	   	   	   	   	   X	   X	   X	   X	   X	   	   X	   X	  Chinese	  mystery	  snail	   Vivipariadae	   Cipangopaludina	  chinensis	   AIS	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	  pebble	  snail	   Lithoglyphidae	   Fluminicola	  sp.	   **	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  pond	  snail	   Lymnaeidae	   	   **	   X	   X	   	   	   	   	   	   	   X	   	   	   	   	   	   X	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	  pond	  snail	   Lymnaeidae	   Lymnaea	  sp.	   **	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   X	   X	   	   	   	   X	   	   	   	   	   	   	   	   	  ram's	  horn	  snail	   Planorbidae	   Planorbella	  sp.	   **	   X	   X	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   X	   	   X	   	   	   X	   	   	   X	   	   	   X	   	   	   X	  ram's	  horn	  snail	   Planorbidae	   Gyraulus	  sp.	  	   **	   X	   	   X	   X	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   X	   	   	   X	   	   	   	   	   	   X	  ram's	  horn	  snail	   Planorbidae	   Menetus	  	  sp.	   **	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   X	   	   	   	  ram's	  horn	  snail	   Planorbidae	   	   **	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	  bladder	  snail	   Physidae	   	   **	   X	   X	   X	   X	   X	   	   X	   	   X	   X	   	   X	   X	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  bladder	  snail	   Physidae	   Physella	  sp.	   **	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   X	   X	   	   	   	   	   	   X	   	   	   	   	   	   X	  valve	  snail	   Valvatidae	   Valvata	  sp.	   **	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  pea/fingernail	  clam	   Sphaeriidae	   	   **	   	   X	   	   	   	   	   	   X	   X	   X	   	   	   X	   	   	   	   	   	   	   X	   	   	   X	   X	   X	   X	   X	   	   X	   	   	   X	  unionid	  mussel	   Unionidae	   Anodonta	  sp.	  or	  Gonidea	  angulata	   native	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   X	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  Number	  of	  taxa	  detected	   4	   4	   5	   3	   2	   0	   1	   1	   5	   2	   0	   2	   4	   1	   2	   0	   0	   5	   4	   5	   0	   0	   4	   2	   2	   5	   3	   1	   4	   0	   1	   6	  *	  Limited	  surveys	  of	  Camp	  Cr.	  Reservoir,	  Klootchman	  Cr.	  Reservoir,	  Walton	  Lake,	  Allen	  Cr.	  Reservoir,	  Overton	  Res.,	  Holbrook	  Res.,	  and	  Cottonwood	  Res.	  1	  Tentative	  identification	  as	  Radix	  auricularia	  but	  could	  not	  be	  confirmed	  due	  to	  poor	  quality	  of	  the	  specimen.	  **	  Likely	  native	  or	  cryptogenic	  species.	  	  Identification	  as	  a	  known	  invasive	  species	  in	  Oregon	  was	  eliminated	  for	  each	  specimen.	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Figure 4.  Sampled waterbodies with Radix auricularia detections (red circles) and Cipangopaludina chinensis detection (+). 
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Zebra and quagga mussel veligers.  No zebra or quagga mussel veligers were detected 
in the net tow samples (Table 4).  Total tow volumes collected ranged from 0.24 m3 to 
7.2 m3 and 22 to 70% of the volume each concentrated sample was analyzed under a 
microscope.  In order to test the detection rate of mussel veligers in samples for quality 
assurance, between 29 and 57 dead zebra mussels veligers were spiked into splits of five 
field samples. Recovery rates ranged from 28 to 71% of the zebra mussel veligers added 
to the samples. 
Table 4.  Bivalve veliger sampling results. 
waterbody	   tow	  volume	  collected	  (m3)	   proportion	  of	  sample	  volume	  analyzed	   no.	  veligers	  observed	  Antelope	  Flats	  Res.	   5.59	   0.30	   0	  Bull	  Prairie	  Lake	   0.66	   0.30	   0	  Thomas	  Cavender	  Res.	   0.38	   0.32	   0	  Chickahominy	  Res.	   0.35	   0.35	   0	  Highway	  203	  Pond	   0.24	   0.33	   0	  Hot	  Lake	  Ponds	   not	  sampled	   -­‐	   -­‐	  Indian	  Lake	   1.19	   0.70	   0	  Jubilee	  Lake	   1.57	   0.40	   0	  Krumbo	  Reservoir	   0.33	   0.40	   0	  Magone	  Lake	   7.23	   0.40	   0	  Morgan	  Lake	   0.94	   0.40	   0	  North	  Powder	  Pond	  No.1	   0.38	   0.49	   0	  Ana	  Reservoir	   2.04	   0.35	  	  	   0	  Duncan	  Reservoir	   0.75	   0.23	   0	  Chewaucan	  River	   not	  sampled	   -­‐	   -­‐	  Overton	  Reservoir	   not	  sampled	   -­‐	   -­‐	  Sid	  Luce	  Reservoir	   0.55	   0.23	   0	  Warner	  Pond	   not	  sampled	   -­‐	   	  Vee	  Lake	   1.88	   0.23	   0	  Dog	  Lake	   0.64	   0.22	   0	  Heart	  Lake	   0.94	   0.32	   0	  Lofton	  Reservoir	   0.71	   0.38	   0	  Holbrook	  Reservoir	   not	  sampled	   -­‐	   -­‐	  Cottonwood	  Meadow	  L.	   0.37	   0.22	   0	  Cottonwood	  Reservoir	   not	  sampled	   -­‐	   -­‐	  Campbell	  Reservoir	   0.46	   1.0	   0	  Lost	  River	  Pool	   0.47	   0.72	   0	  
 
Crayfish.  Crayfish were collected from 7 of the 31 surveyed waterbodies (Table 5).  The 
only non-native species detected, Rusty crayfish (Orconectes rusticus), was present at 
high densities in Magone Lake in Grant County.  An average of 4.3 rusty crayfish per 
trap were captured per trap hour.  No native signal crayfish (Pacifastacus leniusculus) 
were found in the lake.  Very high densities of native signal crayfish (6.1 crayfish per trap 
your) were present in Morgan Lake, Union County and Sid Luce Reservoir, Lake County 
(11.1 crayfish per trap hour).  Signal crayfish were also collected by trap or by hand at 
Allen Creek Reservoir, Walton Lake, and Klootchman Creek Reservoir.  Although live 
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specimens were not obtained from Cottonwood Reservoir, carapaces and claws were 
found along the shoreline that could be identified as signal crayfish. 
Table 5.  Crayfish sampling results. 
waterbody	   no.	  traps	  deployed	   deployment	  duration	  (hr)	  	   rusty	  crayfish	  Orconectes	  rusticus	  (no.	  per	  trap	  hour)	   signal	  crayfish	  Pacifastacus	  leniusculus	  (no.	  per	  trap	  hour)	  Antelope	  Flats	  Res.	   3	   15:45	   0	   0	  Bull	  Prairie	  Lake	   3	   5:00	   0	   0	  Thomas	  Cavender	  Res.	   3	   4:00	   0	   0	  Chickahominy	  Res.	   3	   3:00	   0	   0	  Highway	  203	  Pond	   3	   4:00	   0	   0	  Hot	  Lake	  East	  Pond*	   0	   -­‐	   none	  observed	   none	  observed	  Hot	  Lake	  West	  Pond*	   0	   -­‐	   none	  observed	   none	  observed	  Indian	  Lake	   3	   15:00	   0	   0	  Jubilee	  Lake	   3	   5:00	   0	   0	  Krumbo	  Reservoir	   3	   15:30	   0	   0	  Magone	  Lake	   3	   5:00	   4.3	   0	  Morgan	  Lake	   3	   3:30	   0	   6.1	  North	  Powder	  Pond	   3	   4:00	   0	   0	  Klootchman	  Creek	  Res.*	   0	   -­‐	   none	  observed	   1	  collected	  by	  hand	  Walton	  Lake*	   0	   -­‐	   none	  observed	   3	  collected	  by	  hand	  Allen	  Creek	  Reservoir*	   1	   1:15	   0	   0.8/	  trap	  hr	  	  and	  1	  by	  hand	  Ana	  Reservoir	   3	   14:00	   0	   0	  Duncan	  Reservoir	   3	   4:00	   0	   0	  Chewaucan	  River	   3	   4:21	   0	   0	  Overton	  Reservoir*	   -­‐	   -­‐	   none	  observed	   none	  observed	  Sid	  Luce	  Reservoir	   3	   3:00	   0	   11.1	  Warner	  Pond	   3	   4:05	   0	   0	  Vee	  Lake	   3	   4:00	   0	   0	  Dog	  Lake	   3	   8:45	   0	   0	  Heart	  Lake	   3	   4:40	   0	   0	  Lofton	  Reservoir	   3	   6:00	   0	   0	  Holbrook	  Reservoir*	   -­‐	   -­‐	   none	  observed	   none	  observed	  Cottonwood	  Meadow	  L.	   3	   3:40	   0	   0	  Cottonwood	  Reservoir*	   -­‐	   -­‐	   none	  observed	   several	  large	  P.	  leniusculus	  carapaces	  on	  shore	  Campbell	  Reservoir	   3	   4:00	   0	   0	  Lost	  River	  Pool	   3	   4:00	   0	   0	  *	  No	  traps	  deployed,	  surveys	  limited	  to	  shoreline	  and	  shallow	  water	  surveys.	  
 
Water quality. Water quality conditions ranged considerably across the survey area 
(Table 6).  Trophic status as calculated from Secchi transparency depth (Carlson 1977) 
was considered eutrophic for 53% of the waterbodies surveyed that were deep enough to 
measure Secchi transparency, mesotrophic for 32% of the waterbodies, and oligotrophic 
for 16% of the waterbodies.  Chlorophyll-a concentrations (which were only measured 
during 2013) indicated a lower trophic status in many of the lakes than was inferred from 
Secchi transparency.  This indicates that non-algal turbidity from fine suspended 
sediment is important in many of these lakes. 
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Specific conductance, a measure of dissolved ions or salts, ranged from a low of 18 
µS/cm at Jubliee Lake to a high of over 1000	  µS/cm at Hot Lake East pond.  Acid 
neutralizing capacity (ANC) concentrations were correlated with specific conductance 
with the exceptions of Hot Lake and Highway 203 Pond.  High conductance and 
relatively low ANC at these waterbodies indicates that ions that contribute to ANC are 
low in relation to the total ion concentration.  pH values were very high (greater than pH 
9.0) at the more productive waterbodies.  Dissolved oxygen was depleted to near anoxia 
at the bottom of most of the stratified waterbodies.  Temperature measured in Hot Lake 
East Pond was 4˚C warmer than any of the other waterbodies. 
Discussion 
The detection of O. rusticus in Magone Lake is the most troubling of the AIS discoveries. 
O. rusticus are aggressive invaders that can displace native crayfish (Capelli 1982) and 
reduce submersed macrophyte biomass and diversity (Lodge and Lorman 1987).  Their 
distribution west of Colorado had been limited to the John Day River and tributaries 
(USGS 2014) where they have rapidly spread (Sorenson et al. 2012).  Introductions to the 
John Day River may have been through the release of elementary or middle school 
science project crayfish obtained from biological supply stores or release of crayfish used 
as fishing bait (Olden et al. 2009).  Non-detection of native P. leniusculus in Magone 
Lake may be a result of displacement by O. rusticus, although it is possible that P. 
leniusculus were not present in the lake prior to the invasion.   
 
A review of AIS crayfish control and eradication efforts worldwide indicates that there 
have been limited efforts and those efforts have had limited success (Gherardi et al. 
2011).  One notable exception was a five-year trapping and crayfish predation 
enhancement effort in a Wisconsin Lake (Hein et al. 2007).  Their efforts massively 
reduced the population density of O. rusticus, but did not eradicate the population. 
 
All of the other AIS detections are species that are widely, but patchily, distributed across 
the western United States.  The presence of R. auricularia in 14 of the waterbodies fills a 
gap in their documented distribution between the Deschutes and Umpqua River basins to 
the west, the Columbia River basin to the north, the Snake River basin to the east, and the 
Klamath and Sacramento River basins to the south (Kipp et al. 2013).  Chinese mystery 
snails were documented in Lost River Pool in 2010 and five other locations in Oregon 
(USGS 2015).   P. arundinaceae, N. odorata and are distributed throughout the west 
(USDA NRCS 2014).  Eurasian watermilfoil (Myriophyllum spicatum) is common in 
western Oregon, Washington, and Idaho but has a very limited documented distribution 
in eastern Oregon (EDDMapS 2014).  The detection of Eurasian watermilfoil and native 
northern watermilfoil hybrids (M. spicatum x M. sibiricum) in the Chewaucan River adds 
to the population distribution that includes several waterbodies in southwestern Oregon 
(Miller et al. 2013) and a limited number of waterbodies in Washington and Idaho 
(Moody and Les 2007).  Yellow floating heart (Nymphoides peltata) is another AIS that 
is present in Oregon by was not found during this survey.  Its distribution is limited to a a 
few western Oregon waterbodies but has recently been detected in central Oregon.  
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Table 6.  Summary of water quality sampling results. 
waterbody	   sample	  date	   depth	  at	  sample	  site	  (m)	   	  upper	  mixed	  layer	  depth	  (m)	  
Secchi	  depth	  (m);	  trophic	  category1	   sample	  depth	  (m)	  
avg.	  chl-­‐a	  (µg/L);	  trophic	  category1	   ANC	  (mg/L	  as	  CaCO3)	   temp.	  (˚C)	   specific	  cond.	  (µS/cm)	   pH	  (s.u.)	   D.O.	  (mg/l)	   D.O.	  (%	  sat.)	  Antelope	  Flats	  Res.	   8/8/13	   3.2	   2.0	   0.8;	  E	   1.0	   1.4;	  O	   102	   18.4	   198	   9.57	   6.7	   85	  
	  
	   	   	   	   3.0	   -­‐	   -­‐	   16.6	   196	   9.23	   1.0	   12	  Bull	  Prairie	  Lake	   9/3/13	   6.1	   5.0	   4.0;	  M	   1.0	   2.2;	  O	   53	   20.3	   102	   7.58	   6.6	   85	  	   	   	   	   	   6.0	   -­‐	   -­‐	   15.6	   134	   6.96	   0.4	   5	  Thomas	  Cavender	  Res.	   9/3/13	   6.8	   2.0	   2.3;	  M	   1.0	   9.8;	  M	   106	   24.1	   204	   8.69	   9.9	   128	  	   	   	   	   	   6.0	   -­‐	   -­‐	   21.4	   208	   7.24	   0.4	   5	  Chickahominy	  Res.	   8/6/13	   3.2	   1.0	   0.5;	  E	   1.0	   29.0;	  E	   142	   19.3	   267	   9.71	   6.7	   85	  	   	   	   	   	   3.0	   -­‐	   -­‐	   17.1	   267	   9.59	   3.5	   43	  Highway	  203	  Pond	   9/4/13	   4.1	   3.0	   2.6;	  M	   1.0	   1.9;	  O	   19	   21.5	   532	   9.07	   6.4	   82	  	   	   	   	   	   4.0	   -­‐	   -­‐	   20.8	   543	   7.80	   1.4	   18	  Hot	  Lake	  East	  Pond	   9/5/13	   0.5	   fully	  	  mixed	   bottom	  visible;	  NA	   0.2	   2.0;	  O	   60	   24.7	   1073	   8.50	   7.5	   100	  Hot	  Lake	  West	  Pond	   9/5/13	   0.5	   fully	  	  mixed	   bottom	  visible;	  NA	   0.1	   -­‐	   -­‐	   28.7	   728	   8.76	   5.0	   71	  Indian	  Lake	   9/6/13	   9.5	   3.0	   1.3;	  E	   1.0	   13.9;	  M	   21	   18.7	   43	   7.58	   6.7	   83	  	   	   	   	   	   9.0	   -­‐	   -­‐	   8.5	   69	   6.93	   0.5	   5	  Jubilee	  Lake	   9/6/13	   9.8	   6.0	   5.2;	  O	   1.0	   1.7;	  O	   9	   19.2	   18	   7.27	   7.9	   101	  	   	   	   	   	   9.0	   -­‐	   -­‐	   10.1	   22	   6.25	   0.6	   6	  Krumbo	  Reservoir	   8/5/13	   3.2	   2.0	   1.4;	  E	   0.5	   21.0;	  E	   86	   23.2	   176	   9.66	   9.9	   136	  	   	   	   	   	   3.0	   -­‐	   -­‐	   21.6	   174	   9.62	   8.7	   116	  Magone	  Lake	   8/7/13	   >25	   4.0	   4.6;	  O	   1.0	   0.8;	  O	   73	   21.9	   142	   8.72	   8.3	   114	  	   	   	   	   	   23.0	   -­‐	   -­‐	   4.8	   423	   7.04	   0.6	   5	  Morgan	  Lake	   9/5/13	   5.3	   fully	  	  mixed	   2.5;	  M	   1.0	   4.4;	  M	   51	   19.5	   101	   7.54	   5.8	   74	  	   	   	   	   	   5.0	   -­‐	   -­‐	   19.5	   101	   7.45	   5.8	   74	  N.	  Powder	  Pond	  No.	  1	   9/4/13	   3.0	   weak	  stratification	   0.9;	  E	   1.0	   0.9;	  O	   143	   20.3	   260	   9.13	   5.5	   68	  	   	   	   	   	   2.5	   -­‐	   -­‐	   19.5	   276	   8.13	   0.5	   7	  Allen	  Creek	  Reservoir	   8/8/13	   na	   na	   na	   0.5	   -­‐	   -­‐	   20.7	   86	   8.49	   8.3	   110	  Ana	  Reservoir	   	   	   1.0	   	   1.0	   na	   na	   20.3	   226	   9.22	   8.6	   111	  
	   	   	   	   	   7.0	   -­‐	   -­‐	   16.4	   191	   8.53	   3.8	   45	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Table 6 (continued).  Summary of water quality sampling results. 
waterbody	   sample	  date	   depth	  at	  sample	  site	  (m)	   	  upper	  mixed	  layer	  depth	  (m)	  
Secchi	  depth	  (m);	  trophic	  category1	   sample	  depth	  (m)	  
avg.	  chl-­‐a	  (µg/L);	  trophic	  category1	   ANC	  (mg/L	  as	  CaCO3)	   temp.	  (˚C)	   specific	  cond.	  (µS/cm)	   pH	  (s.u.)	   D.O.	  (mg/l)	   D.O.	  (%	  sat.)	  Ana	  Reservoir	   	   7.5	   1.0	   3.0;	  M	   1.0	   na	   na	   20.3	   226	   9.22	   8.6	   111	  
	   	   	   	   	   7.0	   na	   na	   16.4	   191	   8.53	   3.8	   45	  Campbell	  Reservoir	   	   3.2	   2.0	   0.9;	  E	   1.0	   na	   na	   22.6	   61	   8.12	   6.9	   95	  	   	   	   	   	   3.0	   na	   na	   20.8	   62	   7.16	   3.6	   18	  Chewaucan	  River	   	   ~1	   fully	  mixed	   na	   0.5	   na	   na	   25.1	   453	   9.37	   7.7	   111	  Cottonwood	  Meadow	  L.	   	   2.7	   2.0	   1.5;	  E	   1.0	   na	   na	   21.0	   65	   8.61	   7.6	   106	  	   	   	   	   	   2.5	   na	   na	   19.5	   67	   8.05	   6.5	   87	  Dog	  Lake	   	   6.1	   1.0	   1.4;	  E	   1.0	   na	   na	   23.0	   137	   9.23	   11.0	   154	  	   	   	   	   	   6.0	   na	   na	   15.1	   186	   7.22	   0.5	   6	  Duncan	  Reservoir	   	   2.6	   1.5	   1.3;	  E	   1.0	   na	   na	   24.4	   67	   8.84	   6.2	   88	  	   	   	   	   	   2.5	   na	   na	   19.6	   92	   7.18	   0.7	   9	  Heart	  Lake	   	   10.0	   2.0	   4.5;	  O	   1.0	   na	   na	   22.4	   221	   8.69	   7.2	   103	  	   	   	   	   	   9.0	   na	   na	   5.5	   422	   7.18	   0.7	   7	  Lofton	  Reservoir	   	   3.2	   fully	  mixed	   bottom	  visible;	  na	   1.0	   na	   na	   22.5	   182	   8.87	   7.9	   114	  	   	   	   	   3.0	   na	   na	   22.0	   180	   8.96	   8.7	   125	  Lost	  	  River	  Pool	   	   5.8	   1.0	   2.5;	  M	   1.0	   na	   na	   25.0	   252	   9.22	   6.6	   94	  	   	   	   	   	   5.0	   na	   na	   15.2	   334	   7.54	   0.4	   5	  Sid	  Luce	  Reservoir	   	   4.2	   2.0	   0.7;	  E	   1.0	   na	   na	   20.6	   84	   8.48	   7.6	   105	  	   	   	   	   	   4.0	   na	   na	   12.7	   84	   7.33	   3.6	   41	  Vee	  Lake	   	   1.8	   fully	  mixed	   bottom	  visible;	  na	   0.5	   na	   na	   21.5	   107	   8.72	   6.2	   88	  	   	   	   	   1.5	   na	   na	   20.8	   106	   8.71	   6.1	   86	  Warner	  Pond	   	   1.7	   1.0	   bottom	  visible;	  na	   0.5	   na	   na	   21.5	   192	   8.23	   5.0	   67	  	   	   	   	   1.5	   na	   na	   19.1	   215	   6.93	   1.7	   22	  1	  Trophic	  categories	  based	  on	  Carlson	  (1977).	  	  E	  =	  eutrophic,	  M=	  mesotrophic,	  O=oligotrophic.	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11/11/13 TDR DME Jubilee L. 3 15:1 14 28 5.6 0 0 2 9/6/13 
11/11/13 TDR DME Jubilee L. 3 12:1 5 8 2 0 0 1  
      19 36 7.6 0 0 3  
11/12/13 TDR DME Morgan L. 3 15:1 20 40 8 0 0 1 9/5/13 
      20 40 8 0 0 1  
1/12/13 TDR DME N.Powder Pond 3 15:1 7 17 3.4 0 0 57 9/4/13 
      7 17 3.4 0 0 57  
11/13/13 TDR DME Indian L. 3 1:1 1 1 1 0 0 0 9/6/13 
11/13/13 TDR DME Indian L. + spike 3 12:1 3 5 1.3 20* 0 11 
*Blind matrix 
spike for QA  
11/13/13 TDR DME Indian L. 3 12:1 5 16 4 0 0 9  
      9 22 6.3 0 0 20  
11/15/13 RSR 750II T. Cavender Res. 3 10:1 16 17 5.1 0 0 92 9/3/13 
      16 17 5.1 0 0 92  
11/20/13 LC DM750 Chickahominy R. 2 9:1 38.5 60 13.3 0 0 6 8/6/13 
      38.5 60 13.3 0 0 6  
11/29/13 LC DM750 Magone L. 2 6:1 10 12 4 0 0 12 8/7/13 
      10 12 4 0 0 12  
11/29/13 LC DM750 Krumbo Res. 2 6:1 5 6 2 0 0 2 8/5/13 
11/30/13 LC DM750 Krumbo Res. 2 6:1 15 18 6 0 0 7  
      20 24 8 0 0 9  
12/20/13 RSR DME HWY 203 Pond 2 10:1 6 10 2 0 0 85+ 9/4/13 
      6 10 2 0 0 85+  
12/24/13 LC DM750 Bull Prairie L. 2 6:1 1 1 0.3 0 0 2 9/13/13 
      1 1 0.3 0 0 2  
12/31/13 PR DM750 Antelope Flat R. 3 5:1 4 2 1.2 0 0 20 8/8/13 
      4 2 1.2 0 0 20  
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